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ABSTRACT 

We present evidence that infant mortality of stellar clusters is likely to be a major and very efficient 
process for the dissolution of young clusters in the spiral galaxy NGC 1313. Performing stellar PSF 
photometry on archival HST/ACS images of the galaxy, we find that a large fraction of early B-type 
stars are seen outside of star clusters and well spread within the galactic disk, consistent with the 
scenario of infant mortality. We also calculate the UV flux produced by the stars in and out the 
clusters and find that 75 to 90% of the UV flux in NGC 1313 is produced by stars outside the clusters. 
These results suggest that the infant mortality of star clusters is probably the underlying cause of 
the diffuse UV emission in starburst galaxies. Infant mortality would also explain the numerous B- 
type stars observed in the background field of our Galaxy as well. We exclude the possibility that 
unresolved low-mass star clusters and scaled OB associations might be the main source for the diffuse 
UV emission. 

Subject headings: galaxies: individual (NGC 1313) — galaxies: star clusters. 



1. INTRODUCTION 

Stellar clusters are one of the fundamental components 
in galaxy formatio n and evolution since they are the nurs- 
ery of most stars (jLada fc Ladal [20031 ) . Given this, one 
might expect that most UV flux, essentially produced by 
mass ive OB stars, would come from star clusters. How- 
ever, iMeurer et al.l (jl995| ) found that around 80% of the 
UV flux at 2200A was produced outside star clusters and 
from a diffuse source. Similar results were fou nd in galax- 
ies w ith circumnuclear star-formi ng rings (iMaqz et a,l.l 
|1996[) and normal spiral galaxies (jHoopes et al.ll200lD . 
This fraction does not seem consistent with the idea that 
clusters are the nursery of stars and several scenarios 
have been built up to explain these observations. 

One possible source for the diffuse UV emission in 
galaxies arc UV photons from clusters that have been 
sca ttered by dust in the inter-cl uster environme nt (e.g . 
IPopescu et all 120051) . H owever iTremonti etldl (pOOlf ) 
and lChandar et al.l (|2003l I2005D found that the spectral 
UV lines from clusters are different from the inter-cluster 
environment, ruling out this possibility. They clearly 
showed, using evolutionary spectral synthesis models, 
that the UV stellar line proflles of star clusters in star- 
burst galaxies is dominated by 0-type stars while the 
inter-cluster environment is dominated by less massive 
B-type stars. The presence of an u nderlying B-type star 
population was also suspected by iHo opes et al.l (j2001l ) 
as the origin of the diffuse UV emission component in 
normal spiral galaxies. These works revealed that scat- 
tered photons cannot be the main source of diffuse UV 
emission, and that a stellar origin must contribute a sig- 



nificant fraction of the UV flux. 

A second possible explanation is that unresolved 
lower-mass clusters o r scaled OB associations (SOBAs; 
iMaiz-Apellaniz et al.l l2004f ) are present b e tween 
the detected com pact clusters (jBarth et al.l 119951 : 
IChandar et al.|[2005t ) . This is consiste n t with the general 
idea first proposed by iMeurer et al.l ()1995l ) that there 
exist two modes of star formation: prominent cluster 
formation and dominant diffusely distributed star 
formation. In this scenario, the diffusely distributed 
star clusters are small enough so their massive stars 
produced are spectral type B. It also implies that there 
is ongoing star-formation outside clusters. 

A third possibility is that the massive B stars observed 
in the diffuse field were formed in clusters that have since 
dissolved. The only scenario capable of dissolving a large 
fraction of star clusters over a short period of time is the 
infant mo rtality of stellar clusters (iLada fc Ladal [20031 : 
iFall et all [2005t iBastian fc Goodwir 
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idea is that most clusters do not survive the loss of gas 
and dust expelled during the evolution and death of the 
most massive stars, the remaining unbound cluster then 
rapidly dissolves into the diffuse field. This scenario dif- 
fers from the second one by the fact that the stars are 
not closely related to their birthplace, avoiding the need 
for ongoing star-formation activity in the inter-cluster 
region. 

In this letter, we discuss the possibility that massive 
stars from dissolved clusters are t he origin of the dif - 
fuse UV emission first observed by I Meurer et al.l ()1995D 
and the sourc e of the ste llar population observed by 
IChandar efall ()2003l . l2005( ) in inter-cluster regions. We 
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also present indications that the phenomenon of infant 
mortahty occurs in the normal spiral galaxy NGC 1313. 

2. PSF PHOTOMETRY OF HST/ACS IMAGES 

NGC 1313 is a f ace-on SB(s)d galaxy at a dis- 
tance of ^4.2 Mpc (Frinwl [19881 iMfadez et all [200l 
iKarachentsev et al.ll2004D and shows several star clusters 
and complexes (see Fig. [1]). We use archival images of 
NGC 1313 obtained with the Advance Camera for Sur- 
veys (ACS) onboard the Hubble Space Telescope (HST) 
for Cycle 12 project ID9796. For this galaxy, the spatial 
scale is 1.0 pc pixel"^ (0.05arcsec pixel"^) and the spa- 
tial resolution is about 2 pc, which allows us to resolve 
individual bright stars. The ACS field covers the central 
bar, most of the northern spiral arm, and about half of 
the southern spiral arm. Images in the three wide-band 
filters F435W, F555W, and F814W are available for the 
field-of-view centered on the nucleus. The data were re- 
duced by the STScI calibration pipeline, which includes 
treatment for cosmic rays and drizzling^. 

We performed PSF photometry on the F435W, F555W 
and F814W images using the IRAF/DAOPHOT pack- 
age. PSF photometry is required because of crowding. 
We used about 100 bright unsaturated stars to create 
a PSF model with the form of a Moffat function with 
2-3 pixels FWHM having a 15 pixels radius. Note that 
the PSF varies within an image, which contributes to 
the photometric uncertainties. The absolute photomet- 
ric caJibration_Js calcul ated from the zero points given 
bv iSirianni et al.l (|20G5). We calculate an aperture cor- 
rection of -0.229, -0.192 and -0.27 mag for the F435W, 
F555W, and F814W filters respectively. The 50% detec- 
tion limits are reached at 26.0, 26.6 and 26.7 magnitudes 
for the F435W, F555W, and F814W filters respectively 
Because it is not possible to correct for the extinction 
of individual stars, we simply a pply a global correctio n 
of E(B-V)=0.1 to each image (jHelmboldt et al.|[200l . 
which corresponds to the foreground extinction. We will 
discuss the impact of a larger uncertainty value later in 
the text. Finally, we compared the total flux of the im- 
ages to the integrated flux from the PSF stars and find 
that about 1% of the total flux in the three filters is com- 
ing from diffuse unresolved and/or non-stellar sources. 
Considering the spatial resolution of 2pc, it is possible 
that some sources are not individual stars but compact 
low-mass clusters , similar to Gala ctic open clusters (e.g . 
iJanes et al.lfl98aiBica et al.|[200l[Schill3ach et alll200l . 
having a very few or no B-type stars. This point will be 
discussed later on. 

3. COLOR-MAGNITUDE DIAGRAM AND SPATIAL MAPS 

We produced a color-magnitude diagram (CMD) for 
the central region of NGC 1313 using the F555W and 
F814W filters (Fig. [1]). The main sequence and the red 
supergiant plumes are well defined, while the blue super- 
giant plume and asymptotic giant branch are present, 
but more difficult to distinguish. We plotted stellar evo- 
lutionary tracks for ACS filters from the Padova group 
(L. Girardi 2006, private communication^) to better un- 
derstand the stellar content. To separate the massive 
stars in clusters from those in the star field background, 

^ http: // . stsci.edu/hst/acs/analysis/ | 
^ http: //pleiadi .pd.astro. it/ I 



we focus on the bright main sequence stars bluer than 
F555W-F814W=— l.Omag, and created two groups. The 
first group contains the brightest main sequence stars 
(mi^555Vi/<22.7) while the second group includes fainter 
stars (22.7<mi?555vi/<24.2; red region). We exclude stars 
fainter than mi?555VK=24.2 in the second group to avoid 
large photometric uncertainties. Figure [2^ maps the 
stars from both groups, clearly showing the spiral arms 
and bar of NGC 1313. Figure [^b shows the brightest 
main sequence stars from the first group only, which are 
essentially found to live in the most recent and compact 
star-forming regions along the bar and spiral arms. They 
are also often associated with F555W nebular emission. 
Figure [^t maps the fainter main sequence stars of the 
second group. The morphological features of NGC 1313 
are still recognizable, but are not as sharp, indicating 
that these stars are largely part of the star field back- 
ground. While fainter than the stars of the first group, 
these diffusely distributed stars are still very bright mas- 
sive main sequence stars. According to the stellar evo- 
lutionary tracks, they have initial masses of about 8 
to 20 M© , which corresponds to late 0-type and early B- 
type stars. These mass values are lower limits consider- 
ing the small extinction correction applied to the images 
(§2). Such stars usually live for about 5 to 25Myr. 

We also create a third group (Fig.[2Ji) with stars fainter 
than the second group (24.2<mi;-555vi/<25.0 and F555W- 
F814W <-0.44) but still brighter than the detection limit 
indicated on the CMD. According to the Padova stellar 
evolutionary tracks, the stars of this group have initial 
masses between 5 and 15 Mq, which corresponds roughly 
to the spectral types from B5 to Bl. Despite larger un- 
certainties and limitations due to the detection limit of 
this third group, the map shows that fainter stars (and 
presumably less massive) are even more spread than the 
second group (Fi g. Hi:). This observa tion strongly sup- 
ports the work of iLada fc Ladal (|2003f ) where stars form 
in clusters to disperse later on. 

4. ON THE ORIGIN OF THE DIFFUSE UV EMISSION 

The B-type stars observed in the diffuse field are simi- 
lar to the st ellar popul ation obser ved in inter-cluster re- 
gions bv lHoopes et all (2001,1 and lChandar et all (|2003l 
l2005f ) in normal spiral and starburst galaxies. There is no 
doubt that these B-type stars must contribute, at least 
in part, to the diffuse UV emission. Here we calculate 
the UV flux coming from these stars to se e how it com- 

S iares to th e fraction of UV flux o bserved bv lHoopes et al.l 
20011 ) and iMeurer et all (|1995[ ) in and outside clusters. 
Since the calculation is based on optical colors (there is 
no information on individual massive stars in NGC 1313 
at shorter wavelengths), we do not expect to find strongly 
reliable quantitative values. However, we will have a 
good idea about the fraction of UV emission that stars 
alone can produce. 

First we extrapolate the UV flux produced by each star 
observed in the ACS images. To do this, we interpolate 
between Padova evolutionary tracks to estimate plausible 
values of the effective temperature and surface gravity for 
all stars on the CMDs (based on the three filters). Using 
these parame t ers, w e assign a stellar atmosphere model 
from iKurucj (|1992D to each star and estimate the UV 
flux produced at 2200A. We then identify star clusters 
by eye and calculate the UV flux produced in and out 
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of clusters. This was done by blurring the F435W image 
and identifying big and bright structures. The smaller 
clusters were lost in the image degradation. To quantify 
the errors of by eye cluster selection, we vary the numbers 
of clusters (from 2 to 13) and cluster sizes. We find that 
90 to 96% of UV emission at 2200A is produced outside 
the clusters for the central field of NGC 1313. We also 
found that a larger homogenous extinction affects these 
fractions by less than 1%. 

We also calculate the flux around 4300A using the same 
method and compare it with the flux directly measured 
in the F435W image. We find that we underestimate 
the fraction of flux in clusters by no more than 15%. 
Taking into account this uncertainty and those related 
to the number and size of clusters used for the calcu- 
lations, we obtain that the stellar UV flux produced in 
and out of clusters is lOlil^ ^'^^ ^^-15 percent, respec- 
tively. For starburst galaxies, we can expect the fraction 
of UV emission to be lower outside the clusters due to 
the larger number of recently born clusters in starburst 
galaxies compared to more normal spiral g alaxies. These 
numb er s are consistent with the works of iMeurer et al.l 
(I1995D . iHoopes et all (|2001h . and IChandar et"all (|2003l . 
[2OO5I) . 

We want to emphasize that the large majority of stars 
in the diffuse field of Figure [Dare not in SOB As or small 
clusters having a few OB stars, and that these objects 
can now be excluded as the principal source of the B-type 
stars in NGC 1313. This can be seen by looking at the 
F555W image where there is no or very few nebular emis- 
sion associated with small groups of OB stars. However, 
as discussed previously, we cannot tell for the most com- 
pact low-mass clusters ([J2]). Nevertheless, it is clear that 
massive stars are contributing to the diffuse UV emis- 
sion, that they are single or in a very small cluster. Also, 
B-type stars in the field are sufficient to account for the 
diffuse UV emission in NGC 1313, so there is no need 
to invoke scattering of photons by dust to explain the 
high fraction of UV emission coming from a diffuse back- 
ground, though we cannot exclude this process entirely. 
It is important to note that scattered photons alone can- 
not explain why there are so many B-type stars in the 
field of NGC 1313. Therefore, the scattered photons and 
small clusters (those with at least a few OB stars) sce- 
narios must be rejected as the main source of diffuse UV 
emission, at least in NGC 1313. HST/ACS data show 
that massive B-type stars not in clusters can account for 
the dominant diffuse UV emission in NGC 1313. 

5. EVIDENCE FOR INFANT MORTALITY 

Be cause most stars form in clusters (jLada fc Ladal 
I2003D . the fact that we find a large number of B-type 
stars in the field of NGC 1313 means that the clusters in 
which they were born must have dissolved very rapidly, 
i.e. in less than their typical lifetime of 25Myr. If cor- 
recting the images by a modest internal extinction of 
E(B— V)i„t=0.15, this would lead to a shorter dissolution 
timescale <10Myr. The dissolution processes must act 



very early in the life of the clusters and be very efficient. 
A phenomenon that can explain such a rapid dissolution 
is the infant mortality of the clusters (see !JT]). Infant 
mortality has been invoke to explain the low number 
of clusters older than ^lO^yrJn the Antennae Galaxy 
and th e SMC as d i scusse d bv lFall (l2004D:IChaiidar et al.l 
(|2005h : iFall et all (l200l . and IChandar et al.l (|2006ir A 
dissolution timescale of 25 Myr is a conservative estima- 
tion since we corrected the images for a very modest 
amount of extinction. If the stars mapped in Fig. |2t 
are more extinguished, they would then be more massive 
and younger than estimated here, leading to a smaller 
timescale. Also, it is not clear yet if the point sources 
detected in the field of NGC 1313 are single stars of com- 
pact low-mass clusters because of the spatial resolution 
(see [J2|) . If a significant fraction of point sources turned 
out to be clusters, we would then need to explain why 
there is a significant ongoing star formation in the field. 

Several studies on cluster infant mortality are based 
on actively star-forming galaxies like the Antennae and 
the SMC. The large number of young stellar clusters 
(<10^ yr) in such systems might bias the age distribution 
function derived for the galaxies. The case of NGC 1313 
brings a different point of view in two ways. First, de- 
spite its relatively high star formation rate, NGC 1313 is 
not a major starburst system and star formation presum- 
ably occurs less int ensively during the last few 10^ Myr 
(|Larsen et al.l l2007f ) , which therefore avoids the biases 
potentially created by sudden burst of star formation. 
Second, we can examine the galaxy's stellar population 
directly, both in clusters and in the diffuse field. 

In this work, HST/ACS archival images reveal the 
presence of a large number of early B-type stars well 
spread in the star field background of NGC 1313. The 
images show that there are not a large number of small 
star clusters or SOBAs, at least not enough to be the 
main source of diffuse UV emission in NGC 1313. These 
stars are consistent wit h the B-type d o minated ste llar 
population observed by IChandar et al.l (|2003l 120051 ) in 
inter-cluster environment of starburst galaxies. We cal- 
culated the UV fiux at 2200A produced by these stars, 
showing that 90^^5 percent of the fiux in NGC 1313 is 
produced outside of the clusters. Photon scattering is 
not required to explain the large fraction of UV emission 
outside clusters. Because of the short lifetime of the early 
B-type stars, we think that the infant mortality of star 
clusters is the only scenario left that can explain both 
the large number and the relatively homogeneity of the 
early B-type stars observed in NGC 1313. We also pro- 
pose that infant mortality of star clusters is the physical 
explanation for the diffuse UV emission observed in nor- 
mal spiral galaxies, and probably in starburst galaxies. 
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Fig. 1. — Left: False color ACS/HST image of the central region of NGC 1313 with blue for F435W, green for F555W, and red for 
F814W. North is up and east on the left. Right: Color-magnitude diagram of resolved stars in NGC 1313 for the F555W and F814W filters. 
Stellar evolutionary tracks for ACS filters from the Padova group are identified in blue and green for various masses. Typical photometric 
uncertainties are displays on the right. The reddening vector of 1 mag is shown on the upper right corner. The dashed red line represents 
the 50% detection limit. The main sequence (MS), blue supergiant (BSG), red supergiant (RSG), and asymptotic giant (AGB) branches 
are also identified. 
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Fig. 2. — Spatial maps of main sequence stars selected from the CMD shown in Fig. [T] a) Main sequence stars of the first two groups, 
b) Brightest stars located on the upper region of the CMD (first group), c) Early B-type and late O-type stars within the lower region of 
the CMD (second group), d) Faintest stars located below the regions of the CMD brighter than mi7555i4/-=25.0. See text for details. 



